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The effects of external shocks on the Korean economy: CGE model-based analysis Hyeok Lee and Yong Kyun Kim * 1 Background
Global economy and oil price
This paper aims to analyze the effects an external shock has on the Korean economy using a Computable General Equilibrium (henceforth CGE) model. The 'external shock' to be examined in this paper is changes in crude oil prices. As the Korean economy is a heavily commodity import-dependent small open economy, the recent fluctuation in crude oil prices seems an external shock that deserves due attention.
The global economy has been making a slow but gradual recovery from the financial crisis of 2008. Still, the global economy faces occasional hurdles such as the UK's vote to leave the European Union and ongoing adjustments such as China's realignment and the slow pace of recovery in the United States. However, although the effects of UK leaving the EU will certainly have long-term effects, the immediate market disruption seems to be contained. Furthermore, the global economy seems to be adapting to the ongoing adjustments and long-term trends in its path of recovery. Although the trend is toward recovery, each economy seems to be facing quite varying outlooks. The slowing of the Chinese economic machine still is a great downside risk with the continuing low commodity prices, including crude oil prices, hampering the emerging markets and commodity export economies from making a strong rebound (International Monetary Fund 2016) . Figure 1 depicts the historic trend of the Dubai crude oil price. 1 We can see that the prices fluctuate greatly since the 2008 financial crisis. Furthermore, the crude oil prices have sharply dropped to historic lows since the latter half of 2014. As Korea is heavily dependent on commodity imports, especially crude oil (also, Korea imports mainly Dubai crude oil), hikes and falls of crude oil prices always impact the Korean economy greatly and thus are of great interest. As the trend of low oil prices seems very likely to continue in the near future as can be seen in Table 1 , it is of interest to see how the economy may react to such a trend.
Therefore, this paper aims to utilize the CGE model to systematically analyze the effects the change in crude oil prices have on the Korean economy. The paper is organized as follows: Following Introduction in Sect. 1, Sect. 2 explains the methodology of constructing the social accounting matrix (SAM), the system of the CGE model and 
Methods

Social accounting matrix (SAM)
In order to construct a fully systematic CGE model, we first need to construct a SAM. This paper utilizes the input-output the basic prices to that valued at producers' prices. The accounts that need to be addressed are: Taxes less subsidies on products, Scraps, and Tariffs. In the case of the table valued at producers' price, the Taxes less subsidies on products are included in the Intermediate demand and the Final demand. However, in the case of the table valued at basic prices, Taxes less subsidies on products is reported as a separate account. Also, Scraps were included in the Intermediate demand and Final demand in the tables valued at producers' prices. However, Scraps account is now reported separately as negative values in the input side and as positive values in the demand side. In the case of Tariffs, it used to be reported as Production tax on the demand side. However, Tariffs now is reported as Taxes less subsidies on products on the Import table.
In order to make the necessary adjustments to the accounts aforementioned, we need to compare the basic prices-based and producers' prices-based I-O tables for a year in which both were issued. As BOK started to report the table in basic prices in the realized I-O table for 2010 alongside the usual producers' prices-based table, both the basic prices-based and producers' price-based table exist for 2010. In the case of the Taxes less subsidies on products, we take the sum of the Intermediate demand and Final demand balance from the Domestic table and the Import table and use the resulting ratio to appropriately distribute the Taxes less subsidies on products to each sector. For the Tariffs, we determine the Tariffs by using the rate from the Import Finally, the RAS method is employed to adjust the SAM, so the row sums and the column sums are in accord.
The 384 basic sectors are aggregated into 19 sectors for analysis in this paper. The recategorized 19 sectors are as listed in Table 2 .
As this paper aims to look at how the decline and rise of the crude oil price affect the Korean economy, the Oil sector (S03) and sectors that represent possible substitutes [Coal (S02) and Natural Gas (S04)] were left unaggregated. The industries were aggregated so as to enable analysis of the fuel flow by characteristics by industry. The aggregated industry categories are: Agriculture, Coal, Oil, Natural Gas, Mining, Light Industry, Coal Products, Petrol Products, Heavy Chemical Industry, Electrical and Electronics, Precision Machinery, Transportation Equipment, Other Manufacturing, Electric, City Gas, Steam, Water and Waste, Construction, Transportation Services, Services and Miscellaneous Industries.
Computable general equilibrium (CGE) model
The CGE model constructs a system of equations drawing from economic theory that describes the economy and the economic behavioral patterns of the Household, Firm and the Government. Once the model is set up to enable replicating the observed economy, simulations of various scenario settings that reflect the changes to the economy may be run to analyze the effects of the changes. As the economic system is deeply interlinked and is of a complicated construct, a change to a single industrial sector will inevitably ripple through to other relevant sectors affecting the demand and supply of the whole economy. The CGE system enables the change in demand and supply of the economy to reflect the preference of the Household and technology of the Firm and factor endowments via the system of equations.
The parameters of the production technology described within the model are acquired from the observed input-output data. The functional forms of the preference and production are taken from theory.
The CGE model 'computes' a possible 'state' of the economy from the observed 'general equilibrium' that results from the system of equations at a given point in time that represent the economy. The model system is composed of equations that define the behavioral rules of production, transformation, composite goods, income and consumption and savings, market clearing conditions. The goods in the economy are taken to be categorized as import goods, domestic goods and export goods.
Taking a closer look at the production and transformation function, there are final goods and input goods in production. The final goods are product of a function of value-added and intermediate input goods. The value added is product of a function of the input factors labor and capital. The value-added function is assumed to take a (4) show the functional forms of production and transformation.
XD i : The final good output of the ith good, V i : The value-added input of the ith good, q ji :
The intermediate input of the jth good in producing the ith good, a ji : The input coefficient of j the good in producing the ith good, a vi : The input coefficient of value added in producing the ith good L i : The labor input in the ith industry, K i : The capital input in the ith industry, β i : Cobb-Douglas parameter (exponent), r i : Indirect tax rate E i : Export goods, XS i : Domestic goods I i : Investment demand for the ith good, θ i : The input coefficient of the ith good in the capital goods production. For consumption and the intermediate demand, the model used in this paper assumes composite goods that are composed of domestic goods and imported goods. This follows the Armington assumption (Armington 1969) and is expressed as a Constant Elasticity of Substitution (CES) function as in Eq. (5).
The Household demand of the functions for Income, Consumption and Savings is built on the assumed Cobb-Douglas-type preference. The Household consumes a composite good that is composed of domestic goods and imported goods. The Household will be saving a share of income after consumption.
U : Utility of the Household, C i : Household consumption of the ith composite good (1)
The Government sector receives revenue in the form of direct taxes, indirect taxes and tariffs. The Government is assumed to have fixed government expenditures by sectors and save the rest of the income. This is expressed in Eqs. (8) and (10). The Foreign savings show the (negative) Balance of trade valued at the international market price and are expressed in Eq. (11).
G i : Government expenditure on the ith composite good, GR : Government revenue, GS : Government savings, tr : Direct tax rate, τ i : Tariff rate for the ith good, F : Foreign savings, P WM i : International market price for the ith imported good, P WE i : International market price for the ith exported good.
The market for capital, the market for composite goods and the market for input factors are assumed to be clear according to the resulting equilibrium of market demand and supply.
Parameter estimation
CGE models are simultaneous models that consist of a system of equations. The equations that describe the economy are able to grant the researcher ample flexibility in analyzing the economy. However, the caveat is that the model is dependent on the behavioral parameters of the expressed economy. Hence, the determining the parameters affects the model outcome. The determining the parameters, unfortunately, poses great hurdles for the researcher. This is so, because a vast amount of detailed data are required to apply widely used techniques such as least squares methods to estimate the necessary parameters. Often, such data are not available. Even when such a dataset is available, it still poses great restrictions such as inevitable averaging out of the developmental change when using longitudinal data to analyze the economy. As shown in Gallaway et al. (2003) , and noted in Feenstra et al. (2018) , long-run estimate results of Armington elasticities tend to be greater, at times by fivefold, than short-run estimates. Hence, for an economy that has experienced drastic change as that of Korea, it is quite unsuitable to use long time series data covering several decades to investigate the recent economy. So, this paper uses the SAM for the years 2010, 2011, 2012 and 2013 to estimate the Armington elasticities for the year 2013 to best reflect the economic characteristics of the 2013 Korean economy.
In practical application, researchers rely on existing studies to borrow parameters or calibrate the parameters to the given data when dealing with the issue of behavioral parameters (Wing 2004) . This often leaves room for criticism of the models regarding the parameters used. Critics argue that the borrowed or calibrated parameters that were used lack theoretical and empirical justification (Go et al. 2016) . A feasible method which may be utilized when facing such a situation of insufficient data is the maximum entropy method. The maximum entropy method as proposed by Shannon is actually a familiar technique within the CGE model literature as it is utilized in adjusting the SAM matrix alongside the RAS method. However, it may also be utilized to estimate the behavioral parameters of the model using a small number of data points. Golan, Judge and Miller (1996) show how this method may be applied to the economic context and be used as an estimation technique. This approach allows for the data to be reflected more realistically in the estimates (Cook and Harslett 2015) . The maximum entropy principle as put forth by Jaynes (1957) states that at each stage of a given situation with the then available data, the 'best that could have been done with the given information' is when the entropy is maximized.
The parameters of interest in this paper are the Armington elasticity of substitution. In the context of international trade, the elasticity of substitution of a given good differentiated by place of origin is of obvious importance. The Armington composite good is given as Eq. (5) in our set up. The Armington elasticity of substitution is then σ i = 1 1+ρ i . The first-order condition for the Armington function is:
From this first-order condition, the problem of estimating the Armington elasticity by log linearization becomes the following:
And thus estimating the following: β 2 is the parameter to be estimated.
In applying the maximum entropy method, we need to consider first a parametric space support z k = (z kl , . . . , z kM ) ′ where k = 1, 2 and M = 5 . That is, for the two parameters to be estimated, we will consider five possible outcomes (values). Each of the outcomes will be realized with corresponding probabilities p k = (p k1 , . . . , p kM ) ′ . Hence, the vector of parameters β = (β 1 , β 2 ) ′ may be expressed as follows:
This specification allows this method to have a Bayesian interpretation. For a range of possible outcomes, the researcher assigns 'prior' probabilities of the outcome actually
being realized. Then, by maximizing the entropy, the researcher may obtain an updated 'posterior' probability of the outcomes. As is with all Bayesian statistics, the specifying the 'priors' is a critical issue (Henderson et al. 2015 ). Yet, it allows the researcher to incorporate all the 'prior' knowledge she has regarding the problem at hand. The researcher may opt to use uninformative priors, i.e., uniform probability for all possible outcomes, or use informative priors reflecting the researcher's idea of how the reality may play out. We know that ρ i > − 1 should hold. Hence, σ i = 1 1+ρ i > 0 should also hold. So, for this paper, we assume that the Armington elasticities should fall within the range of [0, 15] and assign our priors for the support values based on previous work regarding Armington elasticities. We assign the highest probability to the value reported in previous researches such as Cho and Son (2007) , Son and Shin (1996) and Shin (1996 Shin ( , 1999 Shin ( , 2008 ) that fall within the assumed range of support values.
Likewise for the error terms e ∈ R T :
where t is the time subscript. Then, the error term may be expressed as follows:
We assume the support vector of v t = − 3σ y 03σ y ′ where σ y is the sample standard deviation. Now, we want to maximize Shannon's 'entropy' measure as given in Shannon (1948) :
where 0 log 0 = 0. Then, the generalized maximum entropy estimation problem becomes the following according to Golan et al. (1996) : under the constraints:
We use the SAM for the years 2010, 2011, 2012 and 2013 to obtain the Armington elasticities to be used in the CGE model for the year 2013.
Estimation results for the Armington elasticities for each industrial sector are given in Table 3 .
Results and Discussion
The scenarios to investigate for this paper reflect the impact of external shocks in the form of changes in the crude oil price. This research was inspired by the current trend in crude oil prices, which seems to display a 'new' trend in crude oil prices that deviates from the preceding behavior. As well as the decline in crude oil price, the paper also looks at the cases of the crude oil price rising. As a small open economy that is heavily dependent on exporting goods and importing commodities, the Korean economy is expected to be greatly impacted by the trends of the crude oil price.
However, the crude oil price and the Korean market import price for crude oil and hence the consumer price for petroleum products do not have a one-to-one matching relationship. This is so, for the determining of the market import price of crude oil is a very complex process and also the incorporation of fixed tax levied on petroleum product prices dilutes the effects of the changes in crude oil price. Hence, the market price of the petroleum products does not directly reflect the changes in crude oil price. Thus, this paper looks at scenarios of when the crude oil price declines and rises by 10 and 15%, respectively, and how the changes affect the Korean economy. The size of the increment and decrement of the crude oil price is just 'set' at 10 and 15%, since a change in crude oil price would not 'naturally' affect the consumer prices. Due to the process involved, determining a clear relationship between the changes in the crude oil price and its import market price and also with the consumer prices for petroleum products is not a straightforward task. Further research into the policy and pricing mechanism and the relation with the market price and the effects on the market price should be greatly helpful for research in vein with this paper.
Also as the I-O table for 2013 (which is the most recent table available) is used for this paper, the table depicts an economy that within a different economic context. That is, the table of 2013 does not reflect the global economy in which the crude oil prices have hit historical lows. Hence, the interpretation of the simulation results needs to take this aspect into consideration. However, since the economic system and the technology can be assumed to not drastically change over the course of a year, looking at the Korean economy of 2013 to gain insight into how the economy in a time of a low crude oil price (starting in the latter half of 2014) may react should be still relevant. The simulations of the economy in this paper proceed with all such aspects in consideration.
First, results of a fall in crude oil prices by 10 and 15% are shown in Tables 4 and 5, respectively.
According to Tables 4 and 5, in case of a fall in crude oil price, the import demand of crude oil is shown to have increased. As all of the crude oil import is used as intermediate input for petroleum products, the Petroleum Products sector (S08) is shown to be greatly affected by a fall in crude oil prices. As for the manufacturing industries, the Heavy Chemical Industry (S09) shows a large share of Petroleum Products in its input and thus is shown to be more affected by the change in crude oil price than other manufacturing sectors. However, as a large share of input for Heavy Chemical Industry is from itself, the effect itself is not very large. In the case of other manufacturing industries, Electrical and Electronics (S10), Precision Machinery (S11), Transportation Equipment (S12) and Other Manufacturing (S13) sectors are shown to be affected by the Heavy Chemical Industry. However, as the Heavy Chemical Industry reacts in a quite muted manner to a change in crude oil prices, the output of aforementioned industries (other than the Heavy Chemical Industry) reacts unlike the Heavy Chemical Industry does to the change in crude oil price. The output of the industries is shown to actually decrease with a fall in crude oil prices. As for Construction (S17), Petroleum Products comprises a large share of inputs into the sector, and Heavy Chemical Industry also comprises a large share of inputs into Construction, leading the sector to react in the same manner as the Heavy Chemical Industry. Also, for Transportation Services (S18), as Petroleum Products comprises a large share of inputs into the sector, the sector is shown to be largely affected by changes in crude oil prices.
Looking at the results from the perspective of technology intensity, industries with low technology intensity are shown to be affected in a positive direction. This may be interpreted as the industries having a more 'straightforward' effects from a fall in crude oil price. In contrast, for more technology intensive industries, the effect of change crude oil price is channeled through more complicated layers of production showing results that may seem counterintuitive. Also, Service and Miscellaneous (S19) sector is shown to increase its output with a fall in crude oil price.
Tables 6 and 7 below show the effects to the Korean economy brought on by a rise in crude oil prices by 10 and 15% respectively. As with the case of the crude oil price falling, we look at how the GDP is affected by a change in crude oil price. The crude oil prices rising are shown to have opposite effects as the case of the crude oil prices falling. However, the size of the effects can be seen to be smaller in the case of the crude oil price rising. This implies that the system of the Korean economy is such that it is affected more by a fall in the crude oil prices than a rise. The results of the simulation of this paper may be overstated/understated stemming from the fact that the model is not multi-regional but a national model (for a small open economy) and that it is a static model. Also, as the closure condition for solving the CGE model, nominal exchange rates and the price of domestic goods were fixed and the balance of trade was unfixed to be variable. These constraints of the model affect the simulation results. As with all empirical work, the simulation results of this paper should be interpreted with the context in mind.
Conclusions
The analysis of this paper shows that the characteristics of the economic system depicted by the constructed SAM affect the simulation results. As is aforementioned, a fall in crude oil price impacts the economy, so import demand increases. This in turn affects the Petroleum Products, and this sector in turn affects the industry sector that is linked with the Petroleum Products sector. The size of the effects of change in crude oil price is can be seen to be dependent on the makeup of the inputs for that sector. If the inputs are largely composed of Petroleum Products, the effects of changes in crude oil price are large. However, if the share of inputs to itself is relatively large, then the effects of the change in crude oil price may be muted or even shown to have an adverse effect on outputs. Looking at international trade, the fall in crude oil price does not translate into an increase in the output for industry sectors that are responsible for the bulk of export volume. This is a result of the constraint of the model aforementioned and the industrial structure complicating the channel of the impact of the crude oil price change. Hence, effects of the fall of crude oil price are not always shown to be evenly advantageous to all industry sectors.
These conclusions lead to the fact that the model still has room for improvement. First, one of the major critiques the CGE model faces is the lack of justification of the behavioral parameters used in the model. Using a more justified set of behavioral parameter (be it theoretical or empirical) will enhance the robustness of the simulation results. Also constructing a multi-regional model building upon international input-output tables (IIOT) may improve the analytic capacity of the CGE model. Such are the directions of the future extensions of the current research.
